4

AD-7¢69 800

SKOADBAND ANTENNA SYSTEMS REALIZED
FROM ACTIVE CIRCUIT CONJUCATE IMPEDANCE
MATCHING

Alktert Kevin Perry

Naval Postgraduate School
Monterey, tCalifornia

September 1973 4
y Mw N AOU AN 2 - .

] DISTRIBUTED BY.

H:tional Technical information Service
B. S. DEPARTRENT OF COMMERCE
5755 Port Royal Road, Springiield Va. 22151




4 769800

o
£ % i
N2 o I

- # A

SR TRVR

R

wgm T ant
Y X

onterey, faliforaia

HAVAL POSTGRADUATE SG
i

THESIS ™

DROALGSAND ANTENNA SYSTWMS REALIZED
fron
AZTIVE CIRCUIT CONSUGATE IMPEDANCE MATCHINZ

by
ALBERT KEVIN PERRY

Thesis Advisai:r - Paul E, Cooper

September 1973
NATIONAL TECHNICAL BEST
IANFOSRMA‘;:IOE\IC SERVICE AVAILABLE COPY
S Qopartent of Commerce

Approved fon public release; disitrnibution unlimited.



SECURIYY CLASSIFICATION OF THIS PAGE (When p.., Enterad) : ‘ :%
¥

- READ INSTRUCTIONS
CHECQHRT NCTRRATT T 2, GOVT ACCESSION NG| 3. RECIPIENT'S CATALOG NUMBER
A TITUE (and Sublitie) 8. TYPE OF REPORT & PERIOD COVERED
Electrical Enzinesr's
BROADBAND ANTENNA SYSTEMS REALIZED FROM AC'I‘IVE |, Degreey Soptomber 1973
CIRCUIT CONJUGATE LIPEDANGE MATCHING 6. PERFURMING ORG. HEPORT NUNBE
7. AUTHOR(#) : S CONTRACT R SRANT HOWSEAT ]
Albert Kevin Ferry
: : H
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10, :aggnﬁAwocﬂLKFZEINTT'H':JRMOBJ!!'?S TA‘K !
Naval Postgraduate School
Montorey, Californila 93940 ;
11, CONTROLLING OFFICE NAME AND ~DDRESS 12, REPORT DATE ;;
Naval Postgraduate School ‘?ESS?:): fF 1;2;725 §
Fonterey, California 93940 92
14, MONITORING AGENCY NAME & ADDRESS(!f ditlarent frowy Controlling Office) 18. SECURITY CL ASS. (of this réport) 5
Naval Postgraduate School ' ) Unclassified
Monterey, California 93940 " I'iEa DECLASSIFICATION/DOWNGRADWG
; SCHEDULE :
‘lb. DISTRIBUTION STATEMENT (of thia Report) '
t
Approved for public releasej distribution unlimited,
17. DISTR!IBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)
18. SUPPLEMENTARY NOTES
19. KEY WORODS (Continue on reverse uide Il necessary mnd idertily by block number)
broadband antenna systems, negative impedance, conjugate impedance matcbing,
active circuit matching, negative capacitance
i
20. ABSTRACT (Continue on roversy side 1f necescary and identify by block number) E’
The application of negative impedance converter clrcuits for use In i
extremely broadband antenna systems 1s proposed.  The theory of short A&
antennass, and means of achleving a conjugate impedance ma2tch to them, is %
discussed, Synthesls methods that yield the required converters, uncom= i
pensated or compensated, are presented, lastly, the performance of several 5
of ihe constructed antenna systems are compared with that of a 12 foot whip, é
DD , 757", 1473  eoition oF 1 nov e 1s oRsOLETE !

SECUR|ITY CLASSIFICATION OF THIS PAGE (When Dais Enteras)

(Page 1) /N 01024014+ 6601 | 9{
1%




#

'BROADBAHD ANTSNNA SYSTEMS BEALTZED

< from

By

AUBERT KEVIN PERRY :
Liecterant; United States Havy
B.S., University of Fichigan, 1966

~

Sulmitted 4% partisl fulfilinent of the
‘requizéncnis for the degree of

.. §i E ; ’:—gg‘gif : -

from the

NAVAL FOSTGBADUATE SCHOCL
Septenber 1973 :

R e p ARl 1 o e bt v

Tent of Blectrical Bugineering

ﬁmHvﬁMWsWW%NWMNMMWWmmmﬁm DAL St o B9 U 1 g Sks W o G0k Se 4 4 -




2 B q il
R

gl

v el

I

g e o

»g;’;‘m:ﬂt’?’ﬂf‘l",gu‘_.mm

i

By

Vi oy

And v

f [ A T

v

Foibilnn

R

ABSTRACT

=

The application of negative impedance converter circuits for use

systers is proposed, The theory of short

in extremely broadband zutenna

antennaes, and means of achieving a conjugate impedance match to them,
is discussed. Synihesis methods that yield the reguired converters, un-
compensated or compensated, are presented, Lastly, the performance of

severzl of ihe constructed antemnsz systems are cozpared with that of a

12 foot whip.-
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1, INTRODUCTION

55223'@@ impedance matching i3 & potentially powerful :ethed for
ottaining broadband sigral m@;&i@ from. shszt antenna systsxs, By en~
ploylng active. zismsgt nei:sw“}cs :‘:I*. is thsmic&g poasible to @aiff
the c@ncterisiics of a glvsn anténnu so a8 to make it éssend! 3~ res-
anazzt over axbr&mely large. fPequency zangas Hot unexpectedly, itbe ex~
x-ct loading that the active network is rsgui::eﬁ to ms&a‘b tss the antsm
is ¢ function of tbe -shaje, size, and ﬁé@enss' of operation at which %i‘xs
antemna mao 1s eing ised, | ‘

In. sam, the teck : is 1o mg, by acti?&gtchiﬁg z%a in-
m&%miﬁ@mhiﬁammgzvm@gmﬂt-
t&aﬂ&i frequency range; hsﬁze achieving the m rescnancs effect,
In 'Eh& conventicnal semse, inductors and/or cﬁ;ﬁdt@ are matched to the
M 1o provide zingle fregﬁénry resm; };i%aziaa; in the sctlve
anterns system, to achieve the. resonsuce charesteristics desized, the
conjugate match-of the antemna impedance s synthésized by use of active
zﬁn&zﬁz&z&t&a&mmw%m ﬁrﬁa}tgmm@&
lations is the obtalmment of high g, yet broadtend, reception systems
Mt@mmmsﬁammimmﬁt;@@sﬁnaﬁa@

~

A. BACKGROUND E

The coucspt of using loeding to cause antemns reschancs dates back to
gﬁmgmmmmm ﬁsmgm

'm usigg masive networks, based on mumsrous matching oriterias,




ﬁé&—,}&g&& ﬂmm@mgfn&ﬁn& scgomplished
retworks Have raesived only minimal n‘t‘kﬁﬂ tion,

Baxly Wotk in this #5601 \
N _ wes dene by Hexrill [Ref, 3} and Bonner [Ref, 4]. Becently, gcif»ﬁsa

> [Rez. §3 lizs attempted to use active conjugate impedance mtehing methods
in ordsr to obtain hrosdband control of ¥adar cross sections, With re<

gsrd to antenna systers, only two pyhlished works have appeared, The
ﬁ::s’b, By Mittra [Ref, 6], 1s extremely restrictive in in-mature, Ths second,

o2

80 iﬁvssﬁga%ian of one possible broadband antenna systeg was zﬂgszteé.

R&fm’?< L )

Hence, out of ﬁﬁﬁsit?‘;

i g%aianﬁigdiém, faz;urs
posas of ﬁw& ‘report, alopg two se;;a.zﬁs }i?zes: cirouit -davelopwsnt aai

aatching to-the seiected Mi‘m

. B mgﬁg

shigi&x &ﬁami}%@gbx@mmm&&jf?
Chapter three desls with the et

slized devices snd systems. f:i:aagﬁsz fmmﬁz&gt&a device construc-
tiom procedures and the experiXental results obtained, while chapter {ive
. yresents the conclusions, | 7
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IE: BROAUEAND ANTEMNA CONJUGATE IMPEDARCE MATCHING THEOLY

The fa};aﬁing sections present the theory behind the concept of the
broadband zes;}a&nt antenna, Small antenna theory is driafly i‘é‘;ié}tﬁ;
_ond then extended to allox for broadband resonance B}P intz'ﬁﬁcing the
;cnﬁept of the negative reactance element, Means of achlieving such aaé-
atlve elemenis are formilated, and then the overall rerult 1s applied {o
the development of antenna metching schemes that yleld the desired
broadband resonance phenomenon. '

A, SHALL sm*& T}@R!

- For m of ﬁaﬁnitizsa, the short antenna :}s daéfined a3 gne whogs
dixensions are much smaller ﬁ:;:z the Ssvelsagti a;f interest; Such a
short receiving antenna sa.zr%s modaled by & Thevanin generator Haying a
voltags V_ and an internal anteunz impedance Z_ as shown In Figure 1.

&

Fig, 1. Short Antemna Bquivalent Gircuii

%, is generally csagezaﬁﬁm ’;’ﬁfaﬁ&m nce coxponent
E, wnd 8 resstive component X
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E’Ka If

Cs Llnz I:7¢ -1 *
. If, in addition, capecitive teop loading 1s employed to incresse

the effective helght of the antemna and provide an essentially uniform
current &i:stzikatisg, a second capacitance, tup loadlng capacitance, Gﬁg
mist b accounied for in Xa; Such top e&fa&iﬁa&ee is effectively added
in parallel with the structure capacitance i?;s. For corputational pur-

poses, C; is a llnear function of the diameicr of the geomstric forya ene-

ployed and is shown by the curves of Figwe 2 [ret, 8],
109 —

Fig, 2. Top~isading &s;agitazzés of Varicus Ceometric Forms
vs Their Diazeter

&:mﬁm&asmhésmﬁﬁiﬁm,tﬁfﬁtﬁ
whizsh iﬁée:as%tﬁﬁ;éﬁigﬁmmiﬁmg ; The radiaticon resistance

for & short mﬁi}zansmlgmﬁmmdiﬁﬁh&iﬁm
kﬁmgkappmﬁ&a};tﬁ:&tba*sfsm@kﬁagm
current distribution, anﬁrisgi?e:&‘ay

A S
|

R:;agq gf}s}g

%m&mmagﬁﬁgmmgmmﬁmﬁ
- agsi&ﬂzsﬁgé?&%‘&% s;ﬁmem%

£ 3

"‘w .

;‘,‘ ﬁ




A second resistance, R.L’ the ohmle loss reniptance, is also

Iresent, bub since it is usually much iess than the radiation resistance,

-

it is neglected in future considerations,
Returning to Figure i, we may model the short, capaclitively top
loaded anteuma by either of the Zollowing eauivalent eircults,

b

~r-c,

: flo W S
Fig, Ja. “Thevenin Antenna Byuivaleht  Fig, 3b, HKorton-Anterns ggmv-
Gireunit alent &i:ﬁ&it
where ?g and :s represent the respective voltags or current imprassaa on

the suterna at some Ifrsquency fi‘

B. SIRIIE FREQUENCY IMPEDANCE MATGHIIC

Consider the resultant Thevenin's equivalent. antenna eireult given
abovs, The conventlona] lmpedance matching s;ga:;ch_ for achieving maxi-
3@@-@@1@&%%&@&3@%&%%%&%
igtra&mi:gaseﬁss inductance sc as io obtain resonance at the desived
ﬁ'@;&@gg At the resonant i:egwmy, £ -t +he antenns input iam
weduces to %;sﬁﬁi@ﬁm?ﬁae;m@mugmﬁ,
&zgﬁiﬁ;ﬂy the above is gasmsﬁ In the following:

K -




o~ - reseuach 3

H

Fig, 42, Inductiively ’:m Fig. &b, Iapedance vs Frequency Flot

Artesna Model for Inductively Tuned,
Gopacitive Antenns

Tae major drawback of this method is, of course, that resonance with
Inherently high @ 3= obtalned at only oce Freguendy, £, Thls falling
is effectivaly removed if one hypothesizes the existence of a negative
capacitance, <G, IfC = -C, , and the negative eloment was substi-
$uted for the inductance shown in Figure be, 1t becomes Teadily eppavent
tkat the antenna would be resonzab and present an impedance B, =B, st
&l _frequencies, For contimiity, we digress at this gsiﬂi to consider
tha sigaificance of such i negative slement,
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-G, KEGATTYE CAPAGITANGE
42 1doalized andel of & negative cepacitance, shosn in Figeww 5,

, - )
@—;{%
v ‘

Fig. §; Iaaa&izeé g”‘g&éife Capacitor Model

is an active element that can’ mzhnxa%ica&g deseribed by,
() = ~Cdv/ot,
o equivalsnily,
v(t) = {t/-c)fi(t)as, _ &
Ir both of the above, the minus sign is mp}iﬁﬁy éssme& 99 te B8
S&iﬁﬁ to the slement G, vice 2 gmsaat reversal or 3.3?&%2?& ?@.&:@gaﬂ-

%i&az g.‘aﬁ...egt;
A g:a&‘éi.ﬁatim of ssries camcitors, one-positive,. the. ;}i@, @tﬂg;

m&g in ag eq}.;i?a‘}.ea'f* shoxt sdircuit, as shown ia the fg..l...aﬁangs
: 1) c; -G,

=
vy ke P B

Flg, 6, .Series Cameltar Plicement Model

Betwesn the terminals 1-2,

¥

?ja;gi 3‘%§3 gm iﬁﬁiﬁ";ﬁtﬁ&ﬁ@iﬁe&;@i&ﬁﬁ




Shunting parallel capacitors; ore positive, the other negative, ss
shown in Flgure 7, resulis in an opszn,

é i 1) .&:.

i&g‘ 7. FParaliel Capacitor Placement MNodel

Betﬁaszz the texminasls 1-2,

¢ é&?f % § dv{i}

t “i at
& =G -G
For %*%sﬁzi ' G, =0
Fiuzlly, i terms of the freguency domain,
Gy ~i/wly, Ly 3/¥C,.

’%3 anplogy of form, the ziagaése capaciior acts 33 an inductor of
‘g&us 3.5 s ¥ith the a3ms m tage-thase relatlous, %a't; with ths
m&;ﬁe‘&&em kf@ﬁaﬂg&mgi@iﬁeﬁst

Is %arsss ’im* -

mw

mmsﬁﬁﬁﬁmmhﬁg@& For purposes of -

i 7
f;z -0
A ?;i.é, gf ggig.gﬁ ggazs, Flassrent

.0 ia by m;gmm;s iéﬁi » T,

-t




%=

e voltsge and curzent are in phase, %(s) i5 Blnimgn, an? I{s) is paxi~

m?, The Impedance va freguency plot Ir givern by the following:

-~

i mmm &

i r "v,‘.'

e

o 3
i

. o b4 K AT
AP A g BT g e TR L AR Wiy Mwﬁ ?W’W‘

Fig. 9, Izpedance ve Freauency Flot for Serdes Placed
FNarotive Capacitar

=
=
5,
prd
=
3
e
=
A
%
=2
=
g
g
=

Fprr S (PO T PR

If conventional Q definitions ars used, then

Q= 2% raimen stored snersy {5)
= gnergy dissipated per oyols A
. N

I OSE seve— }
~ ~ wWGR T -

A proof of tnis resuit is presented below; for now though, con-
sider that since the sum of the reactance parts is zero st all fre-
g%a;s*g;'sg Q doss not peak In the sonventlznal sense, Dut exhibiis 3

cbugacteristic behaviour 28 showa in Plgwre 10,

P

-




—— £

Fig. 10, Q vs Freguency for Elemsnt Fiacensnt of
Flgure & -

.

For short, top loaded antennas with typical parausiers,

- = ﬁ?‘g % + &
. 821F R2 ,i ohms, Q would range from 5 » 10°C at XKHs, to 5 « 107 ab

N

-
? 2 -

A% any given frequency fi; the energy stored is = constant; hut

diffsrent than the apount rresent at freguency ¥,, It terms of the ac«

3

o - «
tive and reactlive powsr, the sriernal cizeuii is not called upon to fHir-

nish any reactlive power to ths resouant circuit, The reactive power is -
tramsferring energy Leck and forth from the negative capecitor to th ;
gasiiéxe eapacitor within the rssmt clireult, kﬁ%&;ﬁﬁﬁs terminal volt~
age and curneni are In- fhuse; theis *gmzi'zﬁ:t iz s Eié:iEiE a%ag}' frequency:
i&.ﬁiz power factor 1s unity, These conclusions are evident from ﬁ??ﬁi;i’
ering & current i(t) = I sizet passing through the sexies elemsuts of

fizore B, The voltage ‘%1 meross tho gsiiivegsgﬁ%ﬁ dione is given

e
~-I_coryt
T s

LT

&%




while that across the negative capacitor is:

I coswt
?g E};ﬁ-—ﬁ E ]
2

Thoe phass, currsoi, and voltagzs relations that exist across %‘2 are
identical to those of an indugtor., In particular, when the positive

gagacitﬁiﬁ voltage is a maxipum, the cwrrent {hrough. the negative ca~

L, ST P B

wacltor is zoro, and vice vers:. For aun inductor, V, = WLI coswi, while

¥-ﬂ eguates to equation 7, By analogy, L = I/(?g i Czi )y hence, the

2
enexgy stored iln the nogative capacitor, *‘32; is

B : }I;xsiaig?t,

G, ( 3:%‘ IV
LAR RN
while that in the positive camecitor is

i 2 2
I

i :
Ec1=(§ =z ) gaxCo8 W

¥
%&Rfm;_ the total stored energy in the system at any moment

iz given by:

Eotored

-3

=B, +&
Y

feri‘aiﬁ%égi .

At the instant of meximm current, all emergy is stoved in the
negative g;a;itﬁrg at the instant of zerc cwrrent, all the energy is
stored in the positive capacitor, Thus, since ihe sum of the cosins —
squarad, sinessquared, functions is always mnity; the total stored enexgy.
is & constant indspendent of time,




The ensrgy dissipated per cycle is given iy %;Iiﬁ/f; thus from
the previously stated definitlcn for &‘;,

. 2!?{"1% Jw Gi} s

Q= - 3
4 - f’ i’r gj{,}s } g{}ta z
which is the sape as was given in eqaa, tion 5,
: 2, FPerallel Flacepeni B
3 ; . . X . - e ]
é : Conslaeration 1s now glven iq the parallel circulft farm of Plzure

i

it e g

11, This is identical to Figure 3b, with the excoption ihat an elcmant’
of vaiue -ﬁg has leen glaced in shunt nazas..; the terninais,

et | -
7 (%Dz
. =G\
{3 — N .

Fig. 11, Shunt Placed Hegative Capacitor

inalyslis of this eircult ylelds:

= < = 3G, _ s

e L o

""}'ﬁg
) . , i&g +}. 2 ?
L S o
PEC el Bfder 2

For f?&?%zé‘ﬁeies less than seversl hemdred Mz, 32§2§§ is much less &I
cms; 80 that the above reduces tos '

R b0 w0
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G rucng gl
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Eguation 8 is of the same form 35 equatioa 3, Therefore;, 7 for
the parallel circuit vaxies with frequency in a mannar similar
for 2 of the ssries circuii of Flgure 9. The susceptancs vs {reguency
plot is given In Mgure 12, 0Of particula: interest is the conductance

;ﬁ&z &= B{}z

Y
g

Fig, 12, Susceptancs vs Freguency for Shunted
YNegatlive fapacitor Placsment

resanted by this circuiil arrasgement, which is now consldered, From
equation 8, Z is given by: ‘
Z = §;¥2§§§ _ {3}

&s%mgmm&mzﬁ% Using the provigusly

given dafinition for §, @ﬁmf&t@iﬁmmm

Qm1iCR, (10)




which is the mams Q as found for the series. clrcuit,

a8 shown in Fgure 13,
resulis

Thus, § wiis vary

Substituting squation 9 in to 10 ylelds the

Z2=qR.
Thus, at vesonance, the parallel tank vresents an input resistance that
varies as plotted in Figure 13,

s o g
AR § Pt e et )

4

- Fig, 13, Inpat Impedance vs Freguency foo
A Parallel Element Flacement of i
=5 Figli!ﬁ iig ) é.

bl L T Ly

The preceding discusslion of the parallel placement model assuzes
‘ &1l the resistance preseat in the cireult to be in the:branch leg con-

talning the antenna, with pone in the negatlve capacitor shunt branch,
’&i&mﬁgaﬁaﬂiyk%me, Besistance may be present in either

aft&etﬁshsac&s mtgmtﬁmgéﬁmisMc&gZﬂaﬁﬁszsn
gulre high § {0 be velld, and so long as the Q iz &ig!z,;s%&i&sliﬁﬁs
difference how the resistance is distrivuted, Trus, the aboves formula-

g

i
I

A T N M ATL L B L e R e R

+ians would vary, ‘ﬁﬁ:asiﬁiiﬁi&ai*h@%ﬁéstﬁlmasa&i—
. ’ zsﬁa‘gmﬁ@ﬁm &nﬁ;f&ﬁm&;ﬁkc@iﬁﬁh@m
ﬁ&z&ﬁstacssmgmng,

mmaﬁs%&mg&smsﬁm%ekﬁi
nodsls, it in evident that broadband, bigh g, matching is possitle by




thke use of negative capacitance elements, Our nex:t conszideration is to

the appruximate reslization of such an element,

" D, NEGATIVE INMFEDAWCE CONVERIZR THEORY

The means by which the negative capacitance discussed in the previous
section is to be obtained is by ihe uss of :I"@gati?e Inpecance Converters,
(¥C), Since Linvill p.x‘biishe;l his original paper on active filter syn-~
thesis in 1953, and introduced the first practical transistorized HIG,
the concept of active converter ci: miis hea becoms accepted, Though
ths actual credit for the concept of negative lmpedance converters is
generally credited to Marius Iatour for his work on negative regenera-
tixs systers, little actual use for the device or theory %as made until

the fleld of 3&%1?& filters became established,

" The functional aspects of NIC's sre today well documented for the
m& foray bence, the folloming discussion serves only to provide
an introductory medium for later discussiom, ' .

1, Genersl HIC Theory

A negative impedance converter is by Zefinition a two port
device nith tbz mroperty that any immittance shunted across ons {erminal
peir will appear as the negatlve of that immitiance at the other port,
Tt is, by analogy, & form of an ideel transformery it has a ratio of
iﬁﬁaxmg transformation of -K¢l and functions in & bilatsral manner
[Bef. sl
iz&e&s&é&ﬁsﬁi&éﬁsmi&se{@mm&mﬁ

st by considerstion of the terninal voltages and cwrrenta of & wo PoTt. -,
?&emit&tgagiism&‘a?gsmmﬁ
ghown in Figure 14,
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Fig. 1k, H Parameter Two Port Model

The conventional paramster designations apply and are related by:

Rl P Bl PAP R
I, = hy Ty + hooVy o

If in the above figure a load impedance Z, is ylaced across port
2, 2,, may be expressed as:

Z.
IOV RN

il x,l ‘ Ll vmi!z ul;, i

ﬁﬁsmﬁxﬁprsﬂnct hzzhzi is normally @gm}zyi{anﬁ.refeﬂéﬁ to =3 the,

devices conversiun ratlo, or eguivalently, the devlices irausmisslon galn,

I
il

Ay

For gin = <7, 1t is required that the following set of equations
be satisfieds : -

hyy = 0

- Byp =0

by =1 -

ﬁs&fa&%th&thlzhﬁ=i Jeads to the title ﬁmiy;gﬁi, NIG.

It will be assuved in this ssctlor that all references .;:} F“‘%“s en=
phatically i=ply devices with unity convewslion ratioa, -

N Ay

-

Txo basic types of KICh are realizable from ths set of eguntions

given above, depending on whsther current or voliage invarsion oceurs,
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A NIC that inverts current, INIC, doss sp without effecting
the polarity of the input and output veoltagss. 3Ry definition, if the
two port NIG device sonshow loverts ons port curzrent with respest %o
the a@l current fiow in a massive nstwork,; the FIC is of an INIC A
i:@e; With a2 lozd i’:{ on port 2 of Figure 14, the inversion of ons
port current resulis In ‘i“i producing a current flow in an é;};segite
direction such as to opposs the applied voltage, The Anput impedancs
ig thersfore negeiive, Vi =¥5 5 eng Il = I? In matrix forn; this is
given by

g :igﬁ 3 .

The resultant INIC is repressniable as shown in Figure i5a,

(11a)

! Tz <

A v — @) L v,

e- S - 2)

I,
Saad

Fig. 152, -H Parameter Representation of INIC

Whgn voltage 1s Inverted; the direcilon of cuxrent flow through
the NIC remains uncha: s and the device 1s refexred to as & voltage

tnverter, or VAIC, For the ideal VNIC, I = -, and ¥, =V, In matrix
forn, this is oxpressibls bys 7
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The resultant VMIC nodsl 1s given belew,

— .
. & — " &
=3
=5 i -
Bl 1 1
i Y, §2® {/? I, v,
3 +
o
©

i
L

Fig, 15t, H Parametsr Representation of YNIC

2, Clrcult Reallzability

) Though the theory of NIC's is well established, synthesis pro-
ﬁeé’.ms that allow for a concise developmental ?rscess fer obtaining
clreuit realizable forms have recelved minimai atiention., 0Of ths several
discrete NIC networks that-have been developed over the last fifteen
years, almost all can be shown to reduce to the ms&elings of the iﬂ.aal
representations shown in Pigures 16 and 17,

T . ‘ 2v
— AP ! ‘
— - 'ii -
S O —(
V, ¥, T w . .
10 i %2 Yynze = <>V j
L - N, i | me | 1 v,

0
®

“Fig. 1%
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Concerning the above, the ’*.a&elgm{sz“z‘ the left are most easily
realized by the s :gaais of & network to obtain the desired matrix f@,
whils those on the right are const “ucted bty approxdsating ths desived
current or voltage generators,

E. GENERATOR CONSTRUGTION

NIG cireulis Mulli on goneraber conmstruvtion principles are in-
herently less complex than those bas~d on matrix methods for the reason
that 1% is easier to construct a depeident gensrator than to control
two port matrix parameters.” Two such generator models are now :gaaentéé..

1. Idealized Generator VNIG Mrdel

4 yarticularly simple NIU clrcuit is given in Figure 18,

Fig, 38, IJdexllzed Génerator 8. 19. MNodified Idecal Generator
©° VEIC Nodel VRIC Model

For the above, '?’2 = -?i
Ip = Vofty = Vi /¥,

and By, = Vy/5y = Vi /Iy = 2y
&&ﬁaﬂfmmgem* of Figure *9&9&&35&@2@3&%;3&&3
being somewhat easier %o realizme by usage of aa?l‘}.zier stages as 111us-
i_sﬁiz;iﬁ;mism:m,i
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Pig. 20, Hodified VNIC Configuratic:

This conflgiration readily leuds ltself to reallzation by use of high  —

W,

i

i
B

gain, differential, a;bﬁtis*-..i anplifiers as ghown in ?151;3:5 21,

w’!’m’u

i
sk e
g

o Sl 6 0 A o’

b

St

AP Yk L S

Fig, Zi. VHC Realization
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In ike sbove, the operational rxplifiers are idezlized ax infinite lnmut,

I

rero cutprt resistance, infinite gain stages,

\ |‘ AR G 18 0 it

The~idealized operational amplifier Is, of course, rot available,

It can be shown that as either finite input 2nd ocutput stage resisiances

b
ol

R ot 2 s i

i

-develop, or as & phase shift arisss with respect to the Input and ovtpt

3
)

o
i
N
I 5.:.'1:,
S

iy

voltages, the converter actlion deterlorates to an unusakis poinmt, ?ei;;

i

i

a% low frequencies, the sbove circuit is mest prectical when meither of

o tho prizary input-outpst terninals must bb placsd at grousd potemtisl, =

{
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2. Tdealized Gensintir ITHIC Molsl

Figure 22 is a nodel veyresentailon of Figure 17a. Again,

Fig, 22, Idealixed Realization of INIC

assuning that the axplifier has kigh gain and Infinite Input impeduace,
thers is s virtual short 2% the input tersduais, which iusliss that

F A = ¥,. The iwo resistcrs thus have equal vélﬁéggs agruss thes, and

aince the amplifier draws no input curvent, Ii = I,, tims satlsfying the
conditions for INIC operation. us before, 83 the veal operationzl am-
plifier configuration is aprru.ched, convarter actlon degeneratus, though
gt freguencies of §§§s‘iiﬁ§ 1less thed 500 E¥z, the above circuli in qulie
atirictive,

3, QGenersl Jensrator Bsulvalent Jirculis

4 last comment is approprizte at this point, The genaraior

equivalent NIC circulis are not trwe iwe port HICh, only approxi=mations,

- sincs they do not satisfy the stated mairix requirements;y neverthelass,

they axe extremely usefyul when working with one port appilcations,

F. MATRYX FORMULATION
Is the construction of the NICH used in this report, two synthesis

procedures were followed wnen possible, The first joocsdure ia baged

on the principle ¢that knowing the 1isitstions gnder yaich a nonideéal

¥I may %= coxzpensated, one can csastruct & nsiwork thst possssses

matxix parazstevs that can be manipuleted Yy matrix netwrrk synthesis
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inic an overall 3deal HIC, The mrocefurs devsloped for such cozpensation
systheals is coversd sepavatsly, while in thls ssctisn the active devise

arvangevents that yield nonidesl KIGE are diocuszes, -

Tlio pesond methed counsiders tho synthesis of SGE-Svom tho nodal sd<
sltiarce matrix for the given nétwors within which Infidiis gain amglifier

stages have boon inmserted, .- o

By aitilsing tha above design Trotedured; considerations sush as

frequetny =nd dynazic rauge awe, for the mozt pars, r duced to comsidewr- - o EE

i

ationes of the actual setivs devices employed. IR

- LTl

In eny metrix formed MIC clreult, = ainioum of 3@d sctive daviess- -

i
il
i

are requirsi ir oxder to zske possible the feedback aoctlcn gecessaxgp $6

FEAT

I

producs negetive impedance conversion, Henez, In itg Simplest fork, 1b6

b G

-
Sk

RS T B 0B

 Proceduzy, for developing nonideal NICE reduccs io afuly of the porsibls - -

¥ays in which itwo active devices ey be azranged whils stiil gres&:z%isg -

T Mh.f..”

an | matzix for the noiwork thai ean be Zynthosised into an ldesl KIU

"nlock,” It will be shown in a later sestion that only 2hise networky

possassing an H matxrix sazisﬁéggﬁs @F’ the entriez of E‘éﬁéi By e

conpensated, Hence; it serves oux prrpose to honsider caly those sctive
device arvangements that yleld uos of the entries Yisted in Table §, -
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#ssuming thai the active dsvices sxe z&:g%sggﬁ:sﬁle 23 thrse

et o g u b
. ., i

terminal two ports, arrsnged as shown in Figuxe 23, then it can be 3

b
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Fig. 3. mivg&vigaﬁzza * :

- T Texsimal Two Port
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izsmiiaﬁly ??G?Eﬁ <hat the ;,.;ty ﬁa‘ﬁ*‘nsggaatigrs *i;?za ;szé ’i’,t} i

i

{
: i 1“ ; %‘E‘ﬂ

a}.:zaﬁe; widsband RKIC's axs the ae“ias-s;amhg}. 'xzzﬁzﬁ}deﬁga R

- remgeusnis depleted 1 Figures 2% emd 25,7 0 IR
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Fig. 2., Serfes-Perallel NIG Fig. 25, Farallel-Sieries AT
Gonfiguation Gonfiguration

. The serles-series, parallel-parallel, and csscade configurstions
sre inferior dus to the actlve device placsment and asscciated blasing

A o, L O R e, g e o 08

Zrobless, amdfor sxcessive cempersatian reguired to realisze the ideal
NIC copditions [Ref, 10]. k -

i

The raln Testriction is that the prvdnct gzga Do gositive in pag- . - -

- nitude, If ;e adsuses active devicés vhet ava mx t&s dapit
%%aé; o5ly the coamen collectar-cowmon emiiter; 5 viZa'verss; oonfig PR
éasgislisﬁe%% mﬁsmmﬁg g?sgt&ﬁésgiﬁ

arrangesent of Figurs 23, these stransemenis ﬁeiza ss ihs series-parallel,
o ?ﬁﬁil-s%ﬁ% formy above, For furthsy mw; ‘¥efer to “Hindvook
of Seniconductor ﬁé;?‘éﬁiﬁs; Znd edition, by L. Huntér, HcGraw-Ril
publisher, p. 11-28 through 11-30, )

{»q




Tha ée*: ce enployed in Flgure 23 mey be bipolar, fst, tube,
combinations thersof, Depending on the typs of devices selected,
Figures 2% and 25 would iz some cases have o be nodified o include
external ﬁsisté'zs insexied to provent cerialn matrix elements from
becoming inTinlte, -

The most useful of ths realisable ga:zi"igmiiéas that can be
derived froz $ne abt;fﬁ% hyrangensnis. is glven in Figure 26, T rosult«

 Badss-Pareliel Realization

iﬁ:&:&sﬁ sines iﬁ m?;%ﬁs tha g" f‘g arabLs- zeraasters €

i4 _Qegﬁé,;i,;%:ﬁﬁagﬁzgsaf aéé,ffﬁ,}f + &7 close
1, ; . S S

_ & if

-

és.zm 5 0 mi %}é W‘ nt of ?1.3*‘1 gﬁ w3l alwmys provide a
ﬁﬁﬁ& %E:ﬁ, *&;?;,h:%s of the cenductance valus inserbed for ﬁsﬁg;

L las been sg‘éf:ii thic 'g}.; s*ﬁf const miiata dasvived froz this pro-

x:a&?.@s 270, %..é,_”;—"%* ondy. f;:%%iii‘::sa: nonideal NIC's, By this, is zeant

G D ¢

A



. 4hat the conductance values of resistors used for blasing, and the

parameisr values of the zshive devices sslected, mst fall within certain
f%sﬁrieﬁ?e-fgﬁges,

" It 1s of interest to note that the arrangerent given in Figare 26

is similar in forn to the first transistorised KIC model proposed by
Linvill {Ref, 117,

2, HNodal Admitiance Synthesis

", THIY T G B by R AT IO

The procsdure to be followed in this section is to synthesize
e

out of a given nodal admittance matrix the conditions required for a two

port to act as a negative impedance converter. Agein, it is assumed
that theré ars a minimm of iwo high galn amplifiers eabedded within the
two port, .These active components, operational anplifiers for exauple,

are considered to be three terminal, high galn devices with one terminal

n AN A B SRS SR 3 4B 0 fod ] 30 AN,

at ground potentlal, In geneisl, the input impedance Z,, of Figure 27

il

¢an be sxpressed ss & transformstion of the load impedance ?;1 placed at

Fig. 27, Ioaded, Active Tro Fort

ai—?ﬂi -

— - 4 3
=7 3§_§ = c + a2 3 €§—33

whers a through d are constanis of the given network, It is assuzed,
that the network is real and possesses & definite nodal admitiance mstrix,

DRa¥, of the formnx n, 1 > 2,
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It has been shown by Hoit and Carey [Ref. 12] in their paper on

zdnitiznce transpose operations, that equatlon 13 can bs rewriiten In

texms of the definife ncdal admitiance matzix so.that,

AgsZr * A 5o ’ ,
g SufTlu.z (k)

In this equstion, & 44 is the cofactor of the (3,3) element of the DNAM,

A 3ig the determinant, and éﬁ _ pp 15 the second order cofactor of the
-

= -

DHAK, - -
Foxr zﬁ to equal -;‘?.1§ it is mgﬁ;e_& that:
Ay pp=A=0 . (42)
By | |

y-weds K = <1 = ¢onversion ratio, {15n;
=22 -

"From 15, )

AS0 =Ly Bgp =Byl =0 o =

Al Bi28.0 . (16)

=

Likewise, the voltage trdnsfer ratic nay be sxpressed as: N

Thus, for a VHIC we would desire negative voltage gain, or H = -1,

Combining eguations 15 through 17; gives: )

i ‘i\

B2 ™ "y ’

or, equivalsnily,
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Assume that 1t 1s desired io have one node of each inpub-output
terninal peir at grovund potemtial, Furihermore, for brevity, the gain
ﬁaéés are assuzmed not 46 be directly comnected fo the input or ouiput
terminals, Hence, thers are a minimum of six nodes for each amplifier

siage smﬁe@e&, as depicted in Flgure 285,

— e -

I =TT
N

Sincs aal,v twg. zzin stages were specified, it 4s to be noted that any
2dditional modes would be conposed of passive element junctions that -
coid ‘i%re.%%‘e&%}‘ swepressios techaigues, In additicn, because in-
finite galn stages ave utflized, ho input sides of sach gain stage,
podes 3 and 3, must b at grownd potenmtial. Hemce, vy and v equal
gers, and the resultant DUAM roduces to the Fourth order form given
below.
columz jndex identify ths s;séif‘ie terminal pairs,

ZMis derivation Zoilows that 6f Reforcnes 12, ut extends the
procedure to account Tor aiy arhitary load impsdance 2.,
_ . - S

g}.éki%c%ﬁéé’*& batween nodes ) and J, and the row/ -
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The design procedure from this polnt on s %asaé. on two desires,

First, synthesis ¥ielding é:%a nini=in m: of nongero. £ 3 e‘eaeatsg
and secondly, satisfying the governing equations aé:ssvs; i5 through 18,
Fron the DHAY,

WO T S

A1, 22 7 E3fsg = ExgBy, = O

T SyuBy T Byby, v (19)
Fron equation 18, '

- ‘é§’%§=*ézg A 44 = constant £ 9

By = ‘%2}_{%555‘%;5%;{;} * & g{gggggggg%%}%ﬁ{ggggﬁ%gygs
A

12 e (s esen) * e pssg st B (eatasensad

Sz = -l 2&3}45%%&5* f‘l‘ 533{&;,;5 56 81 4 53;.5‘%59‘535;535“5%583@3

Az, .
22 = 811 (B3856836850) + 831 (€145 818163 (811836781 634
To satisiy equatien 18, gi;%m are arbitarily set to sers, For emample,
setting ’

B12 = 11 © Bpg = E13 ™ £y = 567 5 ™t

yields

E

B 20 = 85y {B81¢) = 40




% ”E

B = erleyged =,
Agp ™ %1{335?2&-} =7 .

3

B 5

sheve A = g Eg'iég?gg%-g}é)s )

From equation 15, A= 0, or equivalently, gy = 830 Tastly, for doml-

naace; g, = gy equations 19 and 20 yield gy = gy, Thus, in sumzaryid
E5p " 8gt = 8
B3y ™ &3 ~ B2
816 =8 " 83 9
and &gy == App = -8y = Ay A5 vequired, Returning to Figure 28
and placing the resultant conductances in thelr respoctive places, ylelds

Fizure 23.
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“Pig, 29, Cireult ViIC ‘Realization Based on Nodal Admittance Matrix

The resultant network is a VNIG, since 1t was required that ¥=-i,
Reversing the amplifier seiud vesulis in a GNIG., It it of interest to
note that the CNIC model wes published dy A, Antoniou [Ref, 13] and de-
rived from his ;zéssii‘e:’aticas of the circuiis nonideal matrix fors,

The circult realization above §§ one of rany that can be synthe-
sized from the stated conditlons, The main usefulness of this method is
that desired configuration requirzements ave acccunted for from the outset,
Hence, terminel ground srrangements that would be difficult to achieve

using othezr synthesis means, are handled in a relatively simple manner,

G. KONIDEAL GOMPENGATION THEORY
in §§§ ideal xIG, 7‘313;3 imzittance caramsiers %i and b, are both zaro.

For & nonidesl NIC, the normally emcoitered situstion, hy, and/er by,
are seldom zero, These resultant non-zero parameter values dstract from
the negative inpedance conversion properties of the yIG, and axre t&:ﬁ
pavasitic immditances, It has been Gemongtrated by Larky [Ref, :ii:;i and
others that the parasitic paremeters of scme monidoal NIGE can be milled
out by compensation networks at the zxpenss of an iﬁm ghs.&@ i=

ok o 2 i3 1

Sadting
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hﬁhﬁ. These discussions though, have been restricted to the use of
NICS presanting only xeal inuitances and are thus unsatisfactory for
high fregzzsﬁék NIC operation where complex Iimmittances occour. In the
materlal below, considerution is given to overcoming the above failing,
Methods for providing compensation that do not effect the conversion
ratic are dsvelopsd along with cfzz;glex compensation neiworks.

Assume for :I:}ze moment that a2 glven HIC has the maitrix parameters of

g0 Ryl

equation 22,

(22)

[By Bypf0

S8ince the HIC is .. non~meciprocal active devies, in either the INIC or

YRIG modss, ths cross product t‘i’-’hzl is always greater than zZern, The
determinant Ah, a8 well a= %y, and h,, though, may assume elther posi~
tive or negatlive immittance values., Probabllistieally, it 1s é%ssi'b},e

& given frequency of operation. These are summarized in Teble two,

hyy B, Al

=3

a
o

>0 <0
>0
<¢
<0
<0
>0

>0

mwmm#w_mml

>0




Set 7 and 8 ars impossible combinations, For set 71
’ hyy 20, hy, <0, Ah 2 0, glven by by > 0, then
hyshy, (£0) ~ by (>0) &AR20

" Iikewise, for se% 8:

A

Byghyy (0) = Byohyy (>0) 5=AR2 O .
The remaining cases, 1 through 6, are possibls resultant realizatior

T e

i

i

h
I

|
Il

il

that require compensation in ordsr to assure proper NIC asction, Thess

ggseﬁ are now considersd in turn, As will become evident, it is fortu-

i

i

nate that NIC5-can in effect be corsldersd self.compensating,
1. set1 (b, >0, by, 20, Ah S 0)

i

iy

i

For the conpensated KIC to have b,y = 0, hy, must be pade Zere, T
- " !
The subseript t is used 4o denote the matrix paraneters associated with

el

i

- the overzll compensated siructurs, IdKewiss, for hzal‘ = 0, hzg mst be

made Zero, Asmume that an impedancs S s placed in the output leg, while

an impedance P is placed in erwmi across the input of the network, Ths

3

i D, i

overall network is showm in Figwre 30,
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¥ig. 30, Compensation Network for H Parameter Set 1

If the conversion ratic is indeed equal 1o one, then S is
reflected to the input side as -Sx1, and P is reflected tothe output
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gide as ~P/i, Thus, chooslng S and P properly resulis in hy, and hy,
btoth goling to zero value, h
The overall H matrix for Fig‘uz‘e 30 is equivalent toi

by +5Ah )

S ]
1+hiif}?+h22::-§- An i-i-aiig,+azz,.+-§§,

hoy - ’naz-}-&h/g’ )
o } ':S_. - - o g
—f-i-hﬁf?i*h‘,&,s??ﬁéz ia*b.lif?-&-bzzSi-?&h“

saiﬁng bii = 0 and solving ylelds,

hy, S 8AnuO0 =-h,/Ah (23)
setting bz.eT = 0 and solving ylelds, -
by * AnfE=0= P= :&h,?-uzz - (=)
. Substitutisg 'hhz derived values of § and P into the {g_‘} mtrix ylelds:
Ah
o b ]
i -‘! )
é e 1, (25)
In order to ensure a unlty conversion factor, the new ésn?az'sia% factor

W2

Ay ) L
Kf = mist equate to one, where h, . eguals the conversion
hﬁh12 ' Blzhﬁ

factor of the unconpensated network, It can be sesn fron these relziions
" that ths reduction of the parasitic iazaiiﬁaﬁgss has b 'n achieved at the

exggse of reducing the original zonversion z'atie; K to ¥ by a factor of

q—wg This m&i inplies that either the ratlo X ¢f the uncompen=-
et hzzhm

ﬁi&é&;@ﬁsﬁxmﬁztmgﬁe@a*&t@{ },a:é,hm

the values § aﬁ%sﬁ accordingly, és{aiz)géi;




2, get 2 (yy S0, by, S0 AR D> 0)

This cass is ths direct dual of case 13 211 signs oFf all pertinsn -

W
o
)

prransters, }}12221 excepted; = reversed, Henge, ths same soupens

structure as used ir Flgure 30 may be ntiliz=d, The resuliant K matrix

i

yvields Jdcntical § znd P values as given in equations 23 and 2%, Likewise,
v =4 E "

mat L D 6y g

the reduction in K and the commenis concerning the resuiiant ratlio ayply

a8 tney did in Set i, E
3, Se£3 (yy <0y by, €0, AR <O) =

The addition of an lupedance § in smerles st the Znput sud toe

BB iy b Y S a Bibe Tk e b b

shunting of P across the sutput should eaasé 3;11?»__355. hzg t0 reduca o
- T

gerc, This intuitive placemsnt of compensation elements leads t0 the

srrangement shomm in Figure 31, where the H, meirix is giver bty equation

26,

0
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Flg, 31, Compensation Eetworx for ¥ Baraseter
. Set 3
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{%ie-s hizﬁ
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L) | ) (28)
Lz ho2"§ ,
A : o) ;- 3L : g Y] . = E, -3 =~ g{; 2 e e
Setting %;.? angd 1221‘ egual to gero ylelds 8 ~hy, and P */hzzﬁlze
spectively, with the Eg matrix reducing to the followings
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It ig vu bs noted thet in this case there is no reduction in tho conversion

factor X3 the placezment of the lmpedances in the pesitlions shown in Figure

31 zesults in X* = K., In addition, this placement miy be used with param-

ster values from set 2, ~rith the added benefit of a constant ¥ railc,

il

i

i

Sets I and 5 are handled in the szme nanuner as the previous seis

coverad, For each of these sets; though, thers are two possible schemes

il "lgﬂﬂi'!f | “‘Mﬁ'ﬁﬂﬂ@" il

.

for the placement of the slemonts S and P, one yielding a reduced X, the

vther & unity XK. These are 1isted in Table 3,

The last sel to be considered iz set six {hﬁ 20, byy 2 0,Ah>0),
shich is o? interest solely because there are no passive, posliive real
izpcdance values thait lead to compensaiion, Gonsider the compensation
schens for set 1, shere 8 = z}% and P = -_hﬁ-:; « Since Ah is aspscified
t2 be positive, S and P would have to reduce 0 regative impedances, (on-
sider the compensation scheme of set 3, wherc S = -hy, and P = é;‘ihzzs
S8ince E‘ii and ‘.:12=z aze now specified to be positive functions, g and P

again reducs to negative impedances, If Ah is azsuned %o equal zero,

e R

i

then S and P must assume infinite values, ®hile i by, = hy,, = 0, there

is no nesd for compensation networks. . - r =

The conclusion then is thet there i3 no passive, resl positive

ST

R KR

function ecwpensaiion achems possibls,
5. Suzmary ‘ 7
The following table summarizes the varicus compensation scheses
eonsidered above, The usefulness of these resulis rests in the fact

that glven any active structure that satisfles the listed h parasster

!
1

gpecifications, a ¥IC results by the use of the indiceied compensation

mathod, Therefore, the problem of synthesizing the NIC reduces to that

AT

3
f

of synthesizing the S and P iapedance networks, whether real or complex,

PR
il

recuirad for compensation,
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H, RIC STABILITY COISIDERATIONS

The idsal NIC, or its gs*az:ensataé nonideal eguivalent, wers zmodaled
in Figure 16 and 17, Considezations of these representations leads one
t6 the conclusion that at any f‘;‘%ﬁéﬁ&? fi. the WICh are absolutely stable,
This iz apparent since the illustzated models allow Yor no transient
elates.

Assuns now that the idezl NIC iz loaded as shown in Figure 32,

i 2
= NI A
i+ 7 2t

Fig. 32. Twc Ternminal Loaded Ideal HIC

If we consider zs and 23‘ to e passive impedances, the resultasnt sys-
tem hus 2 network detemminant A given by A= (7, - %,), The zoots of A,
wiich are the naturel frequenciss of the overall systen, avre —valuss of
Jw for which gs = 55, Since the natural frequencles are the zeros of iths

ious circuit deterninants, one appreash would be i¢ use ihe Roath-
Puarwits test 'EQ' agoeriain sts;?;i}.ity - hut :';'.3133,}" if the ciroult detersi~
nent and thr characteristic polynomial are easily obisiaable,

m,zéh the abﬁﬁfﬁ approach is guite straight forwaxd, it is ofier in-
practical o implement, since, in its baslec forn, a KIC is inherently z
faedback anplifier, Thus stabllity is best determined by convenilomal
feedback theory, and in g:ss@; that due to Myuuist,

Conzidexr azain ‘the ¥IC configuration of Figure 32, The impedoncs
ses to the righe of termingd pir i=1' is -zlg what to the lefi, Z..
The resultant mesh imreiarze if.sgs —gzz,_ a5 pointed out whove, Ef%i
sl.ogid e@&lg then the totai impedance would be zers, and any voliage
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B

inmeried in series with this mesh would csll for an infinite current,
an cbviously lmpossidle situstion, Tous, 1t becoves evident that 7
shoidd not egual Z_s or eguivalently, the ratle Zigzg should neb egual -
" 1/01f the systen iz ©o be stadle,

The sakme general rile for stabliliy can Yo arzived at by looking
73:# the Impedances s zesn from the ter.dnsl pair 2-27, 7The resultant
impedance ssen at Z2-2° sis !-‘%z - ‘3,5}5 The {term -ezg esllgfgf a current
flow 180° out of phase from that flowing through Z_ st port 1-1'. This
impilies that where the phase angle of 225 squals that of % s ths magni~
tude of Z_ must be gresier than that of 2 . Firased in an eguivalent S
rzmer, 1f the phase angle of 2 A eguais %;a phase angls f:fil, the mag~
nitude of ngzs mist be less than unisy, Thus, the ideal MIC will Bs

" unconditicnally stabls mrovided that the megnitude of zlfzg is less than

wity at any frequsney wheve thz angle of this 13iic is szero.

If we allow B, # Z;s then 1% should meke no differeusc if we inter-

vhange the positions of 2, and % . The conclusion ¢ be dramn is thst

il

ot L P Ly Sl 0 W

17 the oversdl clrcuil of an idesl HIC ﬁ?{s terninationy is gptable, so
alsa 15 the sysien obtalned by treusposing the terminsiing losd fmped-
aness., Im prectics, actusl N¥ICh do noht,; 1n general, behave in this
mmnsr, it iz observed thal w¥hen unegusl Inpedance terminations are
iﬁﬁ%‘éﬁsﬁgﬁ; the 5#%&% goez from stedle te unstabls,

This can be explained by vecalling the fact that a KO mist employ
positive Feedback te anhleve the regulred E zairix, and that under cer-
tain terminating conditions, the systes msy satisfy the requiremenis to
paradt opezaiion xs & pbaze shift cscililater,

=

It iss men shown by Srowvzlie {Ref. 15], that a iwo port metwork

that funclions 28 & FIC ab lov frequencles inevitably kas ar uzsiable
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mode o

and the oiher terginal yaiy shﬁl%*cixﬁ‘&ite&;

is intrinsically more

aﬁimﬂs, since it lmvolves a £

of a;:e?e%if;sz; vhen sng terainal p2ir ::z“ i?ze daevice is open~cirouited,

Though Brownlie's approach

+ion on the behavicur of the active device, & more direci approach may be

glven,

Assunms an ideal HIC »
the measured h peraneters of ths
tions exrressed by this gs*mwﬁiﬁs; they rust
the ideal cage in in

Consider soxa. amount of tims delay T

device, where £(t) > #{1x-T), then

ith the zeirix of eguation ii,

I

However closely

actual device zay approach the condli-~

s in reality, depart from

..;:—;s“emg_ tz manuer {ﬁef 16,
for tPansmission across the

in the frequency domain £(p) f&e-PtF{?).

Gonsider the MG i2 he radefined by the relations

=ﬂ‘2:g=§3

%
iy
Z

[

at:t

yghyy =

(28)

If T is =xceedingly smill, the NIT #111 clsosely approxinate the be-

e

haviour of ‘the ldeal representation, Assume
and ggg placed as shown in Figure Then

values of p = o+ jw for whichs

=57t (comwt -

l«qumm.

¥hen this ratic of terminating Impedances is
Yww=2unM, n =0, i1, 2,.. . Solving T

terninating impedances ZS

s the zeros of éh are those

Jsinwt), (29)

g@siti*e real., is glven

or p vy itaking the logeriths

of both sldes of equatlon 22, 1t is clear that if 3 > 3}_; logeritha

is yeal and ne 'h‘f?ﬁ; and the ssros of
pleas; Ef%}
are in the right hand plane,

and is feyninated at poris i~1' and 2-27 with impedances Z

43

+ *smﬁii&%&leﬁh&aﬂ
5 i&sl@iﬁé&i&mﬁmﬁkﬁs; znd all the zercos
Henge, if a NIC is defined by eguation 28

s.nﬁ&

undazental limita-
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respoectively, the resulting system iIs stabls or unstable according to

whether Es is greater o l=ss than .%g

I. AKNTERNA MATCHING USING NIC's -

Eaving considered the roalizsbility of the megative capacitance ele-

ment, our attention is now redirecisd to the initiaily posed antenna

jugate Immlttence Synthesis
If the forms of ths amtenna ispedancs %{a) is prior knowledge, it
in pessibdle to synthesize from it the equivalent antemna X{s) functlon

T NI W A e A

and repregsnt it In terms of Tumpsd, reallzable slements,
The function X{s) which we wish %: synthésize has its representa-

tion as a quotient of polynomials of real coefficlents and has been ox-

A s ol S RSREZAD N 4900 M N BNt ORI P 0 €4 i NG I 0§ < ot il

tensively studied and reported on; especiaily with regard to active RC

2
£
£
&
Ey

AL sy W ey

fiiter applications, The mrimaxry RC driving point synthesis m&ém

of importance is due Zinariwala [Ref, 17}, Though our concern is direct-
1y with RC representabls antenna forms, it is worthy of note that syn-
thesis procedures also exist for the RL (Sipress) [Ref, 18] and RIS
(Rohrer) [Ref. 197 lumped element networks., All of tie shove methods

and procedural forms ave well documented and hence will not be reviewed

here, For specific detalls, the reader is referred to the cited ﬁferéfcss;
Assuze that the amtemna impedance charactezistics are known,

Then, the procedure is to extract {he reactive portion of the impedance

and represent it in polynomisl foram, Then, one of the above driving

roint symthésis procedures is employed to reduce the reactive character-

istic to = rsallizable lumped element configuwation, In iis sinplest fm

4his reduess to, for instance, saying that = short top-loaded aptenna is

LRI SEIMI AR, Tl et it same s v 0 4 e

i

rerressntable by 3 reslstance R and capacitor C,, and hence, thc synihesis -
= =

}
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of the reactive antennz component is a capacitor of valus G,,

general purposes, tho

2w

; We rerresent the synthesized netwerk as an

R¢, RL, or BIC neitwork, as shosm in Figure 330,

#wE -d i
zagidxa ‘

If this synthesized value of the imaginary portiun of the gntenns
impedance is now placed as the load of s converter circult, ve ars able

to »salise ths negative of {he reactive portion of the antenna ae deplcted

belox.

Flg. 332, Antenna Impedance

—>| KiC —>

Fig. 3&'3

In series forn,; the antennn maiching network would be configured

as ix Pigure 35, in

.

O

L ,
L=y

e i

|
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¥eans of Realizing Conjugate

allel form, as ia Flzurs 35b.-
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Fig. 33b, Impedance Characteristics
- of Discrete Network :
Assumsd
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i f-a?f
Lz 3,~Rant 777
LZant=Rant~jiant

Fig. 352, Serles Antenna Matching Network

Fig, 35b. Parallel Antenns Mstching Network

2. Conjuzste Situb Matching

For a fixed si‘%;e, environment independent i&z&tieﬁ the sbove con~
Jugata impittance synthesis matching procedure is practical, although the
assumed conditions may not be, The inherent problem is, of course, that
the antenns mrameters are varxlable, honce the synthesized neiwork would
have to vary accordingly in oxder to assure a resonance maich, especially
at highsr frequencles, where the siructiure ga;gaéiiaa&e itgelf is varlalble

Thais problem can be effectively eliminated if tho synthesized

—

snterma network is veoplaced by a second suteona with terminsl character-
istics essentially identical to the antenns wiilized in the above procedure,
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0

med that the antennass utilized arve electricalily
short, highly capeciiive top loaded probes, Hence, the summation 4% the
antenna resistance factors results in an sxiremely szall total resistlve
component, and the iﬁ;}éﬁ%‘sﬁa coaverter is sffectively reflecting only a

Iumped capacitive reactanee; i.e2., the imaginary portion of the anteana

o e I h o o O A SRRSO

impedance, In fact, the resistivs component of such small ariennaes is
sprroxirately two orders of magniiuds less ihan the reactive pertion up
te a freguency of roughly hundreds of Megaheriz, Nevertheless, if re-
flected negative resistance presents any major problem, 1t can be elin-
inated by placement of seﬁeé or shunt resistances.

Placing the sscond anzenna as the load of an ldeal NIG, leads fo
the series matching scheme of Flgure 363 and the parallel scnfiguration
of Figure 36b, ‘

Zant =Rant, - jXant,
LT
me =

/7‘7 -ér}

o—dl7 :
: Lz, ,-t}% il
% N _ Eanz "‘Eaﬁti- ant,

A

Lgﬁ = Bant ; gmﬁfmz-j}.’auti—
Zant, =Rant, -j¥ant, -

Fig, 36a, Serles Conjugate Antenna Fig, 36b. Parallel Conjugate.
Hatching Schems &ntenns Matching Schere
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IIXI. EXFERIVENTAL PRCOCEMIAES

Experimental methods used were broken into twe catagories; those
related to the testing of individual converter circults, and 'I:hos;e IBw
lated to the testing of the overall miniature antenna system. Iu each
case, conventional testing methods proved unssztisfactory and had to be

modified as discussed below,

A, CONVERTER CIRCUITS

Tug _*&fagctly different parameter measursment schemes had ;te be de-~
veloped for testing the varlous type of converter circults, The first
method applied to the iesting of the ideal gensét&r model realization,
the second to the matrix models comstructed, ’

1. Ideal Generator Testinz Procedurss

This class of converiter was tested in a relatively sizpls,
straight forward msthod, For the clrecull configuration of FPigure Ei,.i‘t
was only necessary to assurs that the output voltage was equal to 2- ‘i?in
over the frequency range of interest, Because high input, low output re-
sistance operationdl amplifiers were used in the aciual circuilis, ihs
input-output impedance 'zﬁﬁiregsats were approximately satisfied, ’

2, HMairix ¥odel Testing Procedure

HIC circults based on a matrix realization have been shown to
have one open-circuit stable (0CS) port, and cns short-circuit stabie
{SCsS) port, 4s a result of this thenomenon, it is characteristlc for
an NIC to be stable if the impedance loading of ths OGS port is large
and that of the 803 port is small. Since 1t wes lmpossible to 8CTOREO-

-~

date ihe loading reguirements of the two different orlentations within

i
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one test setup, it was necessary to employ several different measurement
schenes in order io measure the 33;‘&2&8";81‘5 of interest,

For a fixst orxder agmﬁaa; the individual circults were
eodeled and run on & com fu.ve:: using the Eleciromic Circult Analiysis Fro-
g£ran {;Bef‘; 32}, Though this method was only as accurate as the actlve
device representations; it did allow for the dsterminaticn of an accurate
low frequency K matrix, Based on thess results, the converiers were com-
pensated fo gii:hia an order of the f:msé’z magnitude, and then the net
result reprogrammed for 3 second run to assure that ths intended effect
was obtalned,

The next procedural step was to assure that the NIC poszessed a

ty conversion ratlo, "The conversion xatlo bizh?_i of the KIC was pea~-
sured by means of the test ﬂ%angezﬁeat shown in Figme 37.

r
¥ <
|
%

Source a3 2

7 =%

Flg, 37, Tezt Sstup for Measuring the NIC Conversion Ratio

For this figuve, the Limpedsnce to the right of point 1 is given by:
By oho %y
By =Dy - Hb—azzl

while that to the right of polnt 2 iss

ﬁ*zhaﬂz
Zy =5 ¢ 3‘11 T+h2,

Sinco all eaﬁ?aﬁgg elreuits used in this test configuration had By E-
‘g% Oy egzi;%isn 30 reduces to 2 2, - ﬁszh“ {Fpe For ths initisl X
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ad justment, Zﬁ was set equal to Zz and the HIC circult values wers varied
until a voltage null appeared at point 2, Waen such & null occurred,
B 2 1 ] i t ;
'2‘;3‘ hiEhEE X circuit under test
and the actual conversion ratio was thus observable,

Flgure 38 shows the measurenent setup used to duplicate the block
diagram arrangement of Figure 37. A GR 1606 RF Impedance Bridge, which
vresents a sufficlently high impedance to thes load to prevent oscillation,
was used for the impedance 2’5, The oscilloscope was employed o monitorxr
for slgnal distortion and possible circult oscillations, but was removed

during the actual measuremeni tesis,

load
422 A
Oscliloscope NIC

77

7 _A
Signal - GRL1606 >— HKP
, BF Inpedance 840354
Fig, 38. Veltmeter Xl Sétéctoz: Arrangement for Keasurerent of

By gy X

In order io measure the actusl input impedsnce presenied by the
icadsd converter civcult, a low impedance {50 ohms) measurement arrange-
merit wsisg & E,P, Vector Voltmeter was utilized in the conflguration of

Figars 39,
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Fig. 39. VYector Volimeter Tesl Circuit for Measuriag Converter
Input Impedance

The Veotor Volimeter compares the incident voltags, E‘i, at the 50 ohans
load with the voltege E; + B, at the NIC; the quantity actuslly measured
iz thus 1 + , which ¥as easily converted to valves of Z by use of Srlth
Charts. The synier was first calibreted using a short circult load in
order to compensate for differirg line lengths and other sources of un- '
dssired phase shift. '

Knowing the conversion ratic and the converted input impsdance
for a given load, it was then posslble to optinmize ths converter by trial
aed error o as to igsm:e the desired performance characteristies.

B, ANIENFA SYSTEN TESTIE

The basic peans of testing éi;e various active broadband conjugate
antsz?éa systems was to compare its performanse againat & reference re-
celving antenna, in this case a 12 foot, untuned Tricor whip, The basle
sntenna structurs used with the active networks was a two inch inm length,
4 inck in width rod that had a one inch in djameter by one inch in length
cylindrical, solid, rod mounted atup.




To compars thelr resg}eg-tive rerformance, %he eonfiguration of

Figiwee 40 was enployed, -

%?% 1" t\i\i‘ Tricor Whip

F —— \\,)‘j\\f

1 Oscilloscors

E'ﬁ

| /77
W b ﬁ}-ﬁ o . o Lt R3=53
s

777

s oy

Cable Cabis

- PRA-LA
o
HM=104 i

Mg, 40, Hothod Used for Cbtaindng Comparison Reception Data

b AN
WEAIL WP Y Y A

Dopending o the frequency of Intersst; slther a FRM-IA, csz.: a N¥-
10A, Radic Test Set was used to cbiain cusmpaxison signal level measure~
zents from each of the two antenna systems, The active neixori containsd
in Figurs 40 was constructed from the thsory of chapter thr;za and had

thex tos sypthesized passive element feedback network, or a second
matching gntenna igciuded as an integrated element, The Tekironix 422
Cecillozcops ;&s used to monltor for actlv: network instabilitles and
was vemoyed during sctvsl tosting, Lastly, all tebis on the autemna sys-
tops were conducted at the antemna rvof fzcilities sfgis ¥aval Postgraduate
School,




Iv., HEESULS

Based on the theory presented in chapier two, three basic active
. antenna systers were designed and tested. Tn the sections below, he
design requiremenis and means of satisfylng then are dlscussed. Then,
the nsthod by whicvh each was used to cbtain s conjugate matched antenns
systen is presented along with the test data obtained,

A, IDEALIZED GENERATOR VAIC MODSL,

Based on the theory developed in chapter two, an idea.ii.:@ gaaazatar
YNIC mode: was constructed, The resultant product wms tesied asiag ‘both
-1 simélatéé.; discrete element, anterna impedanecs, and with an antenna
dazed In the feedback icop. »

Section cne discusses the simlated antenna model, zsctiom two the
. antenna fesdback aerivatiaag walle section three provides an analysis of

the systems with respect to the data obtained, '

1. Miz:éé Generator YNIC Model with Jiscrete Component Feedbock

The cizenit shoun in Figere 21 was gmﬁ tad using commeraially
B?&iz.sble wideband differential FET input operaticnel amplifierz, The
gé:rti&ent characteristics of the selected 5;&;&&@31 &aﬁﬁ“@s Burp-
Brown 3460 i‘s: ars giver; in Talls &, while ibs sctusd circult furm ez~
ployed to implersut Figure 21 is shown in Figure 41,

Considsration &f‘ Figure 41, with z; removed, showed that the inpes

L Sxpedance g@m aﬁsﬁisamﬁa%ﬁgm&ptmg
ths fi';si operational amiiifler staga, whiie the @ztg.z* $zpedancs is leas

then 2n chw for freguencies under 20 Mz,
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TABILA 4
Burr-Brows MO0A Dperational Aazlifier Gharacteristics
ted cutpub + 10¢¥

Unity galn BW 100 MWz
. Opsz lcop gzin 90 48
Open loop inpd f’i 10" ohns, 2pF

Opan loop ouwbput Z 25 ohms at 10 iz

~ Antenna

v f

1/ m— T,
N Yx

gL
s T

7271
=

' 1 Lo f7g_— 5
il A

£

¥z, 4, Tdezlized Gensrster YHIC Cirowis

%&M%&ﬁ%ma@méiggﬁeaiﬁﬁgﬁaa”ﬁs
at the sdoub tersdnals, It was found that (238 geln could be amaintalsed
up 0 33 Mz witheut the need of elyoullt zogificaticms, é% and 3§ ars

o~ .

263, okms resistcrs used for DE milling.”

3., . e Ty
L . “4311 power sugpplies shunted to grows by thes rerallisl plavessnt of
02 uf cerazle and 10 wi tantalun capmcltors,
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Tt was assuzsd that the antemne was indeed capacitive in pature,
and hence a feedback network, 22 ; composed of A pazallel placed varisble
gavaclitor, 10-100 pF, and a resistaace J=1 K, were used to simulztie the
conjugate of the sntenna impsdance, The reslstance was inserted to pro~
‘vide 3 means of fine tuning the reflected negative impedance, The finsl
form of the network, with Z}. in place, egquated to the parzllel arnisnna
matching network of Figure 35b,

For porposes of testing, a PRE-1A was ueed in the test setup of

Figure 40, A freguency was selected whers 2 signal was present, and then
¥

ths respective signal strength from each @tem.&aré:;stea ¥as recorded,

Trs resuiis are presented ia Figure 42, where galn v fregusney of the
active conjugate matched antemnna relaiive to that of the untuned 12 foot
whip i= showm, Though this figure serves to show the morit of the con~
gcept, the vesulis weres actually severely degraded for three btasic reasoos,
T™rst, since the operaticnal amplifiers ware restricted %o an
output swing of + 10 voliz, care had to be exercised if civeuit damage
was o be avelded, Because of th: jmeence of a neighboring 1 kilowatt
transitter eite (X¥BY, 1249 Kiz), aprroxinmately three milez distant, and
the fact that the anlenna system respouds to all incldent signais, the
glrouit feedback nstwork had tc be tuned so that the opevational aspliifisr
owtput restrictions wers met., It was noted that if the fesdback capsc-
jtence was incressed over Zl IF; the output slgesi from KMBY rapidly
reached 3 point in excess of the ¥ 10 wolis ontpmt llsiiasticn, It
worithy of not= that thls fa:r%f #as leamne=d al the exponase of one operations
81 azpiifier that could not sustaln & zear resunance oubput swing of + 33

volts, as nondtored on & Teklromix 422 cscilioscope,
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Secondly, sven if the oitput slgnal level was maintalned under

the + 10 1imit, it was evident that the RF and IF sectlons of the receiver

test seils umed would s incapable of handling such high signal levels

without belasg compleiely saturated. For the FRN-1A enployed during test~

i ing, the maximiz input level that did not cause saturation wms approxi-

it

A il a0, eyt
i

matsly .6 volts at the input terminals, Hence, the maximum input signal

at eny freguency incident and responding thtough the active antenna net-

A
A

SR

i

ﬁﬂ

work had tobg linited to .6 voltis,

B

e 0 oty

lestly, the amount of "detuning® permissable, achieved by variancs
of either the capaciior or resistor within the f\fsteé'éf%;sk network, was
1intted to values that resulted in steble system operatios.

&5 a means of determing the melative performance of the active
gystem, the test setup was z-emcveé to a signal isolated enviroazent, and
exposed 4o individually redlated constant level sigrnals, Such *I;&st sig--

nals were obtalned by using a signal generator with its output terminated
&t the center of a four inch by four inch aluminum plate., The active an- _

tenna system was placed approximately two feet f:c:ez this source and the

slgnal strength recelved was measured with sither ihe Fiti=14 or the #4-104,

o 08 ) W o i i 8 O, o o 0

The Tesuitsare shown in Figure %43, where gain over the untuned ministurs
aﬁtgm is plotted vs frequency, Ii was observed that as the values of
elsments used in the feedback network were varisd, the curve tended to
shif{ o the right or leff, tul always fell off to uniiy gain above the
untuned antenna 2t approxdizately 43 MHEe, Examples of these curves for -
various feedback network values ave plotted in Figure Ui, The mmity gein
valus of 43 %‘ comparss favorably with resulls based on considerations

of the anticipetes wnity-galn bandwldth product for the operational am-
pifiers used,
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Idealized Genarator VYHIC Model ¥With Antenna Inserted In The
Feedback Hetwork -

Tne configuration of Figure 41 was retained, but for this part
the feedback loop was modified to that shown in Figure 45, thus leading

$o the eguivalent of ths two antennz systems shown in Figure 360,

L]

:—825\315 plane
/

YA
2R

Idealized Geai;rater
VHIC Hodel of
Flgure 41

Pig, 45, Hodified Feedback Arzengement Used to Approximate
the Configuration of Figure 36b

¥ith the feedback loop Inserted, tke active antenna system wus
tested following the same procedure enployed in testing the discrete ol-
ement feedback mcdel. The previcusly noted restrictions concerning out~
put voltage swings a&i stabiiity considerations likewise applied to this
clrouit forn, The re@ts obtained are given in Figure 46, where oncs 7
sgaln gain vs f:egueacg of the active conjugate matched antenna relative
%o that of the untuned 12 foot whip is plotisd, ¥With one exception, Fig-
ure 45 is the duplicate of Figure 42, but shifted up approximately 9 48, .-
This was atiributed to a clossr mm matching, achleved without vio~
lating the stability restriciloens for operation. -

As with the first modsl, = controlled signal environment test ;ras
run, the resuits of which were for all purposes, identical iai‘gzss&&;
in Piguves 43 and 44,
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The concern of this section is directed at considering the

frequency reiponss of the circult utilized. The limitations previously
discussed with respect to resonance *detuning® duc to cutput signal lsvel
restrictions and receiver input characieristiiecs; are limitatlons apart
irom the conceptual problem of interest, T
Por the nmoment; assume that the above idealized genersior model
bas an output impedance equal t. zero, and a fixed, freguency independent,
voltage gain equal to two. For frequencies less than 43 Mz, these ap-
proxipations are enmplirically correct,
The resuitant network s then modeled as shown in Figure 47,
¥here zia represents tas input impedance of the network, and Sz s the in-
serted impedance of the feedback laop, 7

W —E—
?3. @ z?i Vz

Fig, 47, Idealized Model of VNIC Genexator

The input impedance for the overall circuit is egual to
' r

i
Z4n civemit = 'zit

1-32,/2

From the clxcult form of Flgurs 41, and the characterdstics of the opora-

(i)

tion agpiifiers used, gia eguates to

Z
Yo = Uyt 5T, (A) (32)

‘-’Aﬁ?

tbaﬁ%Sﬁiggfﬁﬁzggsm&ﬁggsﬁi,sgﬁéfaa&%mss

. spocifisd in Tatle 4, Substituting eguation 31 into equation 32, ylelds
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K 2,{144,))
Zfn ¥ zz{zi{i-mf} )

iﬁ

| ]
L - ‘ (33)
J

In ‘sgaatisn 33, zszf < Zi(i + .@.f) and 224, << %z‘i(i + 4,) for frgaen-

Hz, Thus equation 33 reduces to:

= o i ¥
%40 ctveutt = %1 |TTE, ?Zz:i (3%)
| 1
Ir Zl’ the Inpedance of the feedback network, was composed sclely

of & capacliance, then Z wonld eqzzsts to

in eircuit

A P i :a-sl

_ o £, a———
“tn ctrewtt © Iy - WG ’**"r“z”}ae

a»d & severs low frequency restriction would ariss,
To alleviate this probler; lst 21 be & parallel capacitor, resi&t-
natwork 23 esployed in ﬁ.s.e act'aa;’i E::ielz, Undey these canéﬁ:iﬁﬁé, 3.. =

R -

Rﬁsé—i’mz reduces o

eircult

g
- Tin clveait

gfm circuis
. Tha zesult is iwofeld, First, = degree of sontrel, within ithe
lizitations of the stabllity wesivictisns,; 35 obtatved using the varialls
xeristor w5 2z laspedance adlust u.z;ggé.tm Secendly, %@:ﬁgﬁﬁ;ﬁ
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frequency restriction, 221 > -53 s previously mentioned, is traded off for

a mors Teasonsble high freguency limltation, vt > & o -, This 15 es-

yesially advantageous, considering ths low valve of G égzgloye&, typiecally
less than 15 o,

The effect of a finlte output imﬁé&ance is e;;_ﬁgzig detrirental,
but to & wuch lesser degree, This is primarily because the cutput cf the

iast stage is approximately

[

: - 7 3
out 2nd AMP {1 T o) 5

out cirenit ~ 2

s:mi upon substitution of the actual eclycuit paramster values, zout cireudt
reduces to less than 2 ohrz up to 25 Miz, approximately a short clireult
for analytical purpozes, Hence, the :?:nprh; output characteristics of the

ovarall neinork are satisfied,

B, DISCAETE NONZDEAL NIC MODEL

Baged on the derdved theory for construction of nonldeal RIC nsigarg%§
8n IHiC model was constructed., The final sntenza systen, ths result of
seversl computer and actusl testing iterstions, was tested in the sams
manner as the idealized gensrator VEIC model.

1. Design Procedire N

. fThe basic transistor configuration selected For modeling is shown

without blasing elemants in Figurs 48,

it sl

K
Fig. 48. Transistor Arrangement Used in Modelling
the Hooaideal NIC )
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Ths active device selected for use was 2 MD 6002, npn~pup, single unit
pair, In the circuit form of Figure 48, the H parameters ars by, >0,
hzg > 0, and Ah < 0, which satisfles the regulrements imposed by Table i.

In actuality, the form of Figuve 48 is guiis old; due initizlly to
Yanagisawa [Ref, 20| and has been modeled in transistor form by several
authors | Ref, 22 and 233; |

If ous considers the idealized version of the above clrculi, as
7ahmm Flgure 45, it 1s evident that

Yy = V2

M
+1333+Rz

sz?i) \

Yy

2
[ I

Fig, 49, Idealized Version of Transistor form Employed

-
Fa

Thus, for a large curzvent generator factor X,
L

..-r-.f.é ———r

wbers, with B, = By, T closely spproxinates I, and the ¥ matrix reduses
to that of an ideal INIZ, .

In practics, each i{ransistor must bave s collecter snpglg resist=~
ance, however, 1f these are identical aud the MIC conversion factor s
~i, then ths epllector resistances camcel cns another, The sddition of




[

¥ig., 50, Blased NIG Configuration

and the spali~sigual equivalent civeult given by Figure 5i,

Y

L ———

7 =gmitter resint-
ance of T,.
EN

) — =

» 5L, Smali-Signal Ejuivalent of Fizure 50

i B 7 B Pl W € o 0 o

In corder to insuve that the collsctor reslstsaces do caneel

WA W

and that & transmission ratlc of -1 iz ootained, it was necassary to solve

fox the valuss of the varicus resistances in terms of wsch other, This

o i ey

was 'm easlly done by usinz ths Transmiasion Paramaters, whers

5 =00y -,
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fron xhich the follewing wers obiained:
(2o -4) Rs = Ry (34,

(2 t) [+ 3, ¢ (b )]

B, = - haslr (35}
2 ;‘.}{gz oo 1
A X _
Using -*I-;:é{l. =0, and F== -Df. =g
20 z 2=0
ylelded ths last relatiomshiy, (2@ -1)R, =z, + 7y (-0 ) , {36)

‘ IT 1t is assumed that & is real, and egqual %o 1, then eguations
3k theough 36 reducs tos
35 = El
Bp=Ry3tx,
By =z
&
_ gt the above procecure resulis in convenient cireult intare
relationshiis, it does not allow for the trus AC operation since tran-

sistor capacitances wers smitted. Stiix, 1% serves as 8 sterting polnt

for the requirsd iterative rrocesses necessary to achieve the final design,

¥odeling the active devizs by the hybrid pi layout of Flgwe 52,
Figure 53 w=s run using TCAP in order to determins +he Frequency vs H
paxaneter characteristics of the nsiwork. 7

.~ i
o - {
i

—
28 w1 Zex
2 7 D3

- Fig. 52, Hybrid Pi Rejresentatica of Actlve Dovices
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R 2.0K
-3
i

Ryd o3K

o s R
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{?? frf /

Fig, 53. Circuit Form Kun Uslng BGAP

an axtract of the resulis nbtalned is given in Table fivs,

Bz oy
897 2 ° 78,467 fa0®

892 7 o° \792,10° 3 /87°

For the cross product of hy h,, to equal 1, it was next necessary

taﬁme%&agrﬁtezhgky&ﬁfyﬁgtﬁﬁlﬁﬁﬁw By an ltera~-

‘tive computational process; the valus of R, = 2260 {vics 2300) was ob~=

tained and substituted into ths modsled cireult, This completed,; the fre-
qusncy ve H parameter charactexistics of the nstwork wers azaln obiained
using ECAY, 4n extract of ths reswdis are givan is Table six,

TABIE 6

by, by By hoo

45,2 7-167° 1.0186 £ -,001° 1,000095 £/ 0° .295:107784°
47,6 p472° 1,0129 £ -1,3°  1.00008 £ 0°  45.1070 /£ 72°
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Having satisfled the 312‘3221 cross product :agma&tﬁi i
rezmained to eliminate ths pavasitics i:ﬁ_ end haz - For the values of
table 8ix, an H marumeter set of hli < 0, h?.?. >0, h?.iazﬁg.; >i, and
A k<0 is noted, This sguates to set 2b of table three., Thus, ths de-
slred -cozpensatalicn scheve was fuund {eo he eguivalent to that showz in

Flgure 5,

Honideal INIC of

Figare 53

[ SR

Fig. 54. Compensation for Nonidsal INIC of Figure 53

The resultant frejusney vs K g:aga:er niots bazed ou the oute
Pit of the ECAT runs ar: shown in Dlguré 55 through 18,

Several factors were evident from the above data. Fivst, h, we
to0 large at hizher fregueacles (f > 100k). ‘This w23 corvected by moiify-

ing B, to 45 aad R, ic 37k. Sscondly, one of the mcsi lmportwnt factors

W el et

Uniting high frequency p:rformance was the presence . the collector-

base capacitance of the two tramsistors, &s expecied, since both hgé and

hzz actually contain éa'{ii terns of the form -

H
H
{
J

x
Mit"

{40)

(11)

¥bhaye Eiis the lurmped collsctor-Tuse sapacifiance preseni, 4= the fre-
_quency of opszatio Incresszes, it is apperent that n,, will agmaess

==
3 =

Gogative real ousber, This was partiaily overcoms by placing a camacitance °
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B
g_: 53 in parallel with 33 . The effect of thie w235 0 modify the H parasmsters
{ o

" e A i '@ W}' R
B e S o R T i 2 SR TSN AT *ﬂmﬂ%g’m 1

o fg, 1+ ja{cgai}% . i+&2g%$§52&
21 By TL1¥ 3uC,h nzz 1+ 3w, 7,

e

If in $he above 32 =P  and Cz = 2%; then the above reduces tu

=

By =0 mp =t

N S h, s a b

= 3 biznj'gcii

b
.

t
'

y

The ¢xly remaining departure fron the ideal case left now 1s the
non-zere value of hz,z, whick fron cansidsration of table ti:fee, can be

compensated by shunting a capacitance C, acrosu the inpmit. The above
i -

s dgan L WE P mE e | NS T AT B WA

correciions were made, new eircuili values inserted, and rerun for free
quency vs ¥ paramstor characteristics, The results are summarized in

table seven,

TABLE 7
f By B2 By Baz
2. 1EE L4 179° 1,005 £163° 10001 £ 0 .5807540

0 L9 £138° 1,005 £16° 100 £-2° 507070
100 KEz 1,6 £119° 10047 £15%° 1000 2 4% L64070.30°

LM 2,74 99°  1.0003 £ 82°  1,0005 £ -9° - .6:1070467°
. 10.Ms 64z F° 1,00 g 7° 1,0009 £ -13°
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Tas clropll was next tested using the HP 84035A Vecter Volireter

configuration of fligure 39, Using a 10K loed, the resulis are sunmarized
in table sight.
THEBLE &
Fregquasney z&/zl oad
16 &z ~,927 + 3,0007
100 Kiz =963 + 3.0032
1M 572 + 5,006
10 M= " =361 + 3,0013

F¥ 3

The above resulis weres considered to ba cleose encugh to the anii-
cipated valuss that no further civrcuit modifications were atiempted, The
final circult form used in matching to the antenna loads is shown in Fig-

ure 59,

- <

T 3
4

; K -
¢ =X g i ’f{g Tys T HDE002

e N (1 5

/_;? f}L;’ 77777 /77

0 A

ANl A Y D 0 D b 446 et

shilr

i

Wmfmfmfﬁm

i

A R

i

=

it

il

i

ﬁ.

T

i

i

it

’

4

i

s




=
==
=
=
==
-
=
T
5
3
=
/4
£
=Y
’E‘v
¥
T
%
=
&
&
¥
-~
£
Z
&
S
%=
z
&
s
LS
:
¥
£
E
i
T
2,
19
3
t
-
*
z
<
£
£
{
-
.
5
H
&
$
£
£
z
z
%
bl
?
5
-
1
3
H
%
&
1
:
i
£
¥

PR e P ke, e

LARABE PRSP T 4

The additlon of the 50K resistance connecting ths bases of the

two transistors was found to bo necessary if reliable transistor twme~on

" of both activé devices were to be achleved.

2. Antenna Fealigable Form

The clrcuit of Figurs 59 wes loaded ®¥iih an antenna at sach port,
ﬁelﬁ_izzg the antenns siructure of Figwre 36b, Gnce‘.agaiag a PRY¥-1A Radio
Test Set and 2 12 foot TRIGOR whip were used to determine s figure of
merit, i‘ha.resu}.ts of these tests are shown in Figuwre 60, The loss of
g2in above 1 Mz was attributed to the inabllity to exrctly control the
phase shift across the devics; this in furn due te the complex nature of
}.‘.213 or eguivalently, «,

Iastly, the previously mentioned comments concerning local broag-
casting stations, peak signal into the cireuit, and peak input into the
test set, applled, Ths =maximmn signal that the clrcuii could handle was
found o be approximately * 2 volis, but since the PRM-1A was restricted
to sn inpuat of + .6 volis, it was of 1ittle importancs,

¢. NODAL ADMITTANCE MODEL

The last clreult model constructed was based on the nodal admitiance
synthesis procedure presented in chapter two,

‘f, Dzeign ?z%ceﬁj&rg

‘i?giag the elrcuit form of Figure Z5. resistance values ¥oXe so=
lected o satisfy equations 19 through 21. The final cirouit forz is
shown in Figure 51,%

fi'% = 261 ohms for DC pulling, ALl power swpplies siuzted to ground

with ths parallel combimation of .02 uF ceramic and 10 oF tastzluw
capecitors,
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Fig. 61, Circult Forn of Nodal Admittance Model Constructed

This network was analyzed by using the G paramsters, where for
- the ldeal VNIG, G is glven bys

-1
- g

Using the circult velues given in Flgure 61, the

[e] =

parezeters were found to bt
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vhere it was assumsd that the open-loop galn, 3‘933 of ezsch operational
amplifler was iészﬁ.ica}. and that associsted 3npub capacitances were
negligible, Hence, for large walues of ‘é'é}.’ the matrix of eguation 42
was satisfled, 7

2, Antenna Reslizable Form
The circuit of Figure 61 was loaded at aach port with top-lcaded

rinlature antennaes, ylelding once sgain the parailel conjugate anteamna
patching schems of Figure 36b. Using the testing procedures previously

discussed, the gain vs frequency characteristies relative fo the untumed

12 Poot TRICOR whip were obtainsd, This data is plotted in Figure 62,
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45 has Dbeen polnted out, there are two aspects io the theory of
conjugate antenna matching, the most eriiical of course being the actual
achievemeat of the desired parameters for the actlve cireult utilised.
¥hen considering either the nonideal NIC or nodal admittance synthesized
Zireulv realizations, it 1s evident that the devlces are useful for only
as long as the desired [H] matrix parameters are obtained, In botk of
the ahove, tue resulting phase shift acre tihe device leads to ;ha ulti-
mate deterioration of the converier actic bovs 20 35‘2;25 As expected,
the phase shify increases rapidly with frequency, and for the configura-
tion of Pigure 51, can be approximsied by § = zm“%%:ia? This was cbe
served experimentally under load conditions sstisfylng 100 ohms < Z; <
104,

‘ It 1s generally acceptc. that NIC action can be achieved below 100 Kz
withoul, extensive compensatioa of the active network. Yet, ’a}:wer 100 KHz,
a8 polnted out by equations 40 and b1, the comversion ratie K of the NIC
ri1l be a complex funciion of frequency, The effect of such nopideal con=-
verter action is drastiic xitn vespect io frequency limitations. Comsider
the transnission ratio K defined b,

- ) giﬂ

Z;g =K = g.ha;zi?'; = a{w) + jb(x) ,

where a(z) is & : 1, negative nmumlsz, If, as with the small top loaded

antenna, & reactive load is Iinssricd,
= {a + ) :
gin {2 + Jb} §§ d

gi 2" -’b'.‘;’L + ;5%3; ’
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then the resuitant lmpedance presented will Jead to the presence of aa
unwanted, frequency dependent, real component, IT it iz assumed that

-some amoumt of impsdance, Z_ , is added to compensate for the undesired

¢

real components then
333”'(&'?51?) (£§+ﬁ3} E
Z,, = {aﬁg - bzg) + _;;{az‘z + b?.i&} .

If the real component is to equal uero, then (aZ c-h‘%} wmst egual zero,
But, for this to be true over large frequency ranges, both a(w) and b(¥)
must change signs simiitaneously., In general, due to the capacitance

effect of the active devices, b{w) cannot becontrolled to the extent nec-

essary if stability is to be maintained. This has been confirmed experl~

mentally in numerous NIC circuit models, The final result, then, iz two
fold, Firs:t, a resiriction of the useful higk frequency range to the re~
gion in which the sign of a(%) and b{w) are identiecal and secondly, 2 de-
terioration of the converter action from the ideal c&sa:af ;121312 =1,

This last effect is more obviovs if one considers the sensitivity
values for the clrcult of Figure 52. For this example,
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It is evident from thess velations that a variation in the gain

product K = fiiﬁhm #1171 heve the greatest effect on KIC performance, es- _
pecially if, 22 shoun above, %22323 is 2 complex function, In addition, ;‘

it wes observed that Ry, nd h,,. the rarasitic lmpedonces, became im-

) . portant if either the losi impedance was made very emall or very large.
It would be expected that if the mairix modeled realizations were con-
structed on a stripline foxmat, that higher fregquencles of operation could
be obiained, For the time being, though, the main restriction would seem

|

iR

il

to be the relstively low beta-cutcff freguencies of the present day {ran-

m

sistors, Y¥nat ie required; in the most baslc sense, 1s active devices
with fi*s > 20GHz, and extrsmely large B's.
With regaxd 40 the idealized generater model studied, it would appear

S S AT 1t A I s SRk 5 e o el Dm0

Rt

MR

i

that the restrictions irposed by the above considsrations would agaln be

dotrimental, Though ihis i3 &rue, it % to & mich lesser degres, sinae ‘é
the asnsitivities invoived are of & mors favorable nature, In fact, the %
. principal degrading effsct observed was due to the load impsdance size =

It is to bo noted that of the conjugate antenna sysitems constructed,

81l were of a parallel form approximating Figure 36b, Though several
sories placement arrangercats wers construcied, ncoe wers & 1o work

F L P N e PR

as well as the pareliel configuration presented in this report. This wes

wrirarily dus to the inability Lo develop a KIC circult with the proper

antenns-circutt-ground Isciation veffuired for proper cunverter zction,

T S

Z

Az a result, severs fyeguency range restrictions arose dus o stability -

i

o,
il

§t§a§tg§3 none ¢ the reviswed cirouitantemns arrancements were tesitsd

exhzuatively for stabllily asd drifi under variatle operational congiticns
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and envircnment, it is apparent that the concept of conjugats antenna
matching is feasibls, It is —";{i ¢ emphasized that the matehlng accom~
wlished in this report was dons by tuning the active device once, and
then testing for the gain vs frequency responss,; vice continual tuning,
Hence, ths shown freguency range of 100K to approximately 10-40 MHz still
is impressive, However, though this ig far shoxt of a2 true broadband
artenns system, it is evideni that in the freguency range less than 30
MHz, the concept has eansi&eéa&la merit,

Tt is worthy of note, that it 1s possible ic compensate the NIC~
antenna system for the frequency dependence of & at frequencies greater
than 30 MHz 1f the active devies £, is high enough, This, of course, is
at thr expernse of szcrificing the usable frequency range, This approach
was tested using the nonideal, discrete element clrcuit of Flgure 57, and
found to seazrﬁ satisfactorily at specific frequencles for shich compensa~
Ttion was inserted,

The model was found to operate in the desired manner s.é 20 MHz, 40
#Hz, and at a reduced level, due to atmossheric nolse, of 50 MHz, A use-
ful bandwidth of approxizetely 2-3 MHz was obtzined with each of the coa-
pensation schemes use_ﬁ, this sgﬁl amount-of bandwidth due almost entirely
to ths r=pld r=ic of phase snift acr:ss the device at those highsr fre-
g@s of operaticn,

It 13 anticipated that as substatial improvement in iransister high
frequency technclogy occurs, that many of the above restricticns will be
sigaificantly reduced,

Thus, the final conclusion is that the coneept is practicsl and capable
of ’ﬁeing inmplezented up to the lower ViF-zange in a broadband manner, and
that there exiais now 2 significant mosns of reducing aunienna sise while
realising grester gain in tho lower fregtency regions.
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APPRNDIX A

Through the courtesy of Kollmorgen Corporation, a Xolimergen model

B L R T R L TR Eo el i

848 Voltage Probe Antenna (VPA) was obtained for the purposes of naking

P

~

. comparison tests against the active antenns system of Figurs 41, Due to

=

e

the fact that the above tesis were conducted afier the completion of the

*
H

ne resulis are contained herein.

: main text of this thesis, t

- The testing procdedures employed were identical to those discussed

on page 57 that led to Figures 43 and 4%. The test resulis are vresented

- in Figure 83, where gain over the VPA is plotted vs frequency.
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